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あることを確認した．また, バルクと運動性の異なる界面層はその厚さが約10 nm程度であり, 
グラフト鎖の分子量の増加とともに厚化することを明らかにした． 
表面未処理 SiO2 を添加した場合と比較して, グラフト処理を行った SiO2を添加したナノコン
ポジットは顕著な高熱伝導特性を示すことを明らかにした．この結果は iPP より高熱伝導性であ
る SiO2 の添加効果のみでは説明できず, SiO2 表面のグラフト鎖が熱伝搬において重要な役割を
担っていることを示すものであり, 今後のナノコンポジット開発に際しては重要な知見となる．









り, ナノコンポジットにおける界面を“つくる”, “みる”, “まぜる”ことの重要性を, 精密重合, 精密構造解
析を通じて示すことができた点で, 本研究は学術的にも大きな意味を有している． 
Thermoplastic polymers such as Isotactic polypropylene (iPP) are often reinforced by inorganic fillers 
in order to increase the tensile strength, heat resistance and dimensional stability. Among many 
composites being developed and widely used, iPP/SiO2 composite has an advantage of low cost 
production as well as good mechanical properties. In recent years, inorganic particle filled 
nanocomposites of semi-crystalline polymers have been explored extensively. 
It is well accepted that with decreasing particle size, the ratio of surface/volume increase, so that the 
surface properties become crucial. An interface is important factor for mechanical and thermal 
propagation. 
The properties of semi-crystalline polymers strongly depend on the crystalline structure including 
crystallinity, crystalline form and morphology. Since the chain mobility in the interfacial layer is unequal 
to the bulk as mentioned above, the high order structure of polymer shall be altered. In semi-crystalline 
polymer/nano-particle composites, the adhesion between the polymer and particle strongly depend on the 
crystalline structure at the interface. The understanding of the effects of the chemical and physical 
interactions on the crystalline structure, as well as its crystallization behavior, is of great importance for 
the development of polymer nanocomposites. Our aim is to understand the role of grafted polymer chain, 
which has the identical structure to that of the matrix polymer, on the crystallization process. We report 
the crystallization behavior of iPP/SiO2 composite investigated for untreated SiO2 and grafted SiO2. iPP 
with the number average molecular weight of 12,000 (g/mol) was directly grafted onto SiO2 particle with 
a diameter of 26 nm. 
The effect of the surface grafted and the content of SiO2 particle on the crystallization behavior are 
discussed in term of overall crystallization rate, nucleating ability and spherulite growth rate of iPP. 
According to references, in addition to the use of modification fillers that is known nucleating ability 
effect. However, we found the acceleration of spherulite growth rate at range of low filler contents. This 
behavior could be occurring due the same primary structure and shorter grafted iPP chain. The 
acceleration of spherulite growth rate of iPP confirmed that the grafted iPP acted as a plasticizer and the 
co-crystallization of matrix and grafted chains. Further increase in SiO2 content, the crystallization rate, 
the spherulite density and the spherulite growth rate showed the steep decrease at higher contents range. It 
was attributed to the confinement of matrix chain since the inter-particle distance of adjacent SiO2 
approaches to the end-to-end distance of matrix chain, which a large molecular motion is restricted. 
Moreover, the average size of SiO2 aggregation in iPP matrix was successfully evaluated by analyzing the 
contents dependence of the growth rate, assuming that the inter-particle distance with zero growth rate 
coincided with end-to-end distance of matrix iPP chain. 
On the basis of the above-mentioned conclusion, for the formation of interface a strong adhesive the 
SiO2 nanoparticle and iPP matrix is expected for thermal conductivity of interface. The purpose of this 
study was to prepare n-SiO2 and g-SiO2 nanoparticle with iPP of various molecular weight(Mn = 5,800, 
12,000, 46,000 g/mol) grafted on the surface of SiO2 and to measure thermal conductivity, in order to 
understand the roles played by the grafted chain, which effects the thermal conductivity behavior, with 
regard to the interfacial structure. Interfacial structure of grafted SiO2 particle was observed by mean of 
XPS and TG-DTA. As a result, it was confirm that these systems of all g-SiO2 are semi-dilute brush 
structure. Moreover, according to DMA and TEM, it was found that the grafted layer thickness increased 
with increase the molecular weight. 
It was found that the thermal conductivities of grafted-treated nanocomposites were higher than that 
of untreated SiO2 composites. It is shown that grafted treatment is one of the promising methods to 
enhance the thermal conductivity of nanocomposite. The iPP/g-SiO2 systems showed a deviation toward 
the high thermal conductivity side against Maxwell’s predicted curve. It was strongly suggest that the 
structural differences in the interfacial layer are reflected. 
Leong et al. reported that thermal conductivity of filler interfacial layers(λlr), and proposed three 
phase prediction equations derived by modifying the two-phase Maxwell-Eucken model. λlr was 
calculated by curve fitting. All of the iPP/g-SiO2 systems, exceed the thermal conductivity of iPP and 
showed high thermal conductivity and λlr showed an increasing trend with an increase in the molecular 
weight. The heat transfer in crystalline polymer was conducted by a combination of intra- and inter-chain 
heat propagation. The thermal transfer mechanism was stipulated to be that of phonon propagation, which 
meant that the lattice vibrations of the molecules were responsible. Since the main chain of polymers has 
covalent bonding, phonon scattering is less and the mean free pass of phonons is long along the chain 
direction. It would be reasonable to assume that heat transfer along the direction of the main chain of the 
grafted chain iPP-fixed to end of the SiO2 surface had contributed to the high thermal conductivity. 
However, since both of interfacial layer thickness and the number of grafted chains per particle 
change with increasing molecular weight of grafted iPP, a comparison is not straightforward. We defined 
the thermal transfer efficiency in an interfacial layer, in order to examine the effect of the thermal 
conductivity of each grafted chain by λlr per N(the number of grafted chains per particle). The thermal 
conductivity of interfacial layer per grafted chain is proportional to the 1/2 power of the molecular weight. 
It is thus concluded that the heat transfer along the main chain of the grafted iPP is revealed to be the 
cause for the higher thermal conductivity of composites. 
 
  
 
